issN 0015-5683 (print), issN 1803-6465 (online) © institute of Parasitology, Biology centre Ascr http://folia.paru.cas.cz/ Address for correspondence: A.J. Davies, school of life sciences, Faculty of science, Kingston University, Penrhyn road, Kingston upon thames, surrey Kt1 2EE, UK. Phone: ++020 8547 2000; Fax: ++020 8547 7562; E-mail: ajdavies.russell@kingston.ac.uk Khan et al. (1992) , Davies and Merrett (1998, 2000), and smit and Davies (2006) all recorded haematozoans from fishes inhabiting deep marine waters. Trawl depths were between 1000-3200 m in the Northwest Atlantic (Khan et al. 1992) , between 747-4875 m in the Northeast Atlantic (Davies and Merrett 1998, 2000), down to 202 m in the indian ocean and to 389 m in the southern Atlantic . Blood films from the trawled fishes in three of these studies revealed protistan parasites. they included: haemogregarines (Apicomplexa, Eucoccidiorida, Adeleorina), trypanosomes (Euglenozoa, Kinetoplastea, Trypanosomatina) and cryptobiids (Euglenozoa, Kinetoplastea, Bodonina) Archived blood films have been studied from two further deep sea trawls. The first originated in the vicinity of the cape Verde islands, off West Africa, and the second was another trawl from the Porcupine Seabight, southwest of Ireland, both sites lying in the Northeast Atlantic ocean. this paper records the haemogregarines, trypanosomes and Haemohormidium-like structures observed 
Archived blood films have been studied from two further deep sea trawls. The first originated in the vicinity of the cape Verde islands, off West Africa, and the second was another trawl from the Porcupine Seabight, southwest of Ireland, both sites lying in the Northeast Atlantic ocean. this paper records the haemogregarines, trypanosomes and Haemohormidium-like structures observed in the blood films, and it includes descriptions of new protistan species. In addition, species listed within the haemogregarine genus Desseria siddall, 1995 are revised, as well as the name of a haemogregarine within the genus Haemogregarina Danilewsky, 1885.
MATERIALS AND METHODS
Twenty eight fishes of 11 species were sampled from trawls off the Cape Verde Islands at depths of 50-800 m in mid-water and 3212-4062 m on the bottom, during the Discovery 243 cruise of October, 1999. A further 85 fishes of 28 species, were sampled from trawls in the Porcupine Seabight in soundings of 772-3718 m during the Discovery 252 cruise of April, 2001 . Fishes were caught in mid-water using a rectangular mid-water trawl and on the bottom with a semi-balloon otter trawl, and were identified on deck by one of us (NRM). As previously (Davies and Merrett 1998, 2000) , fish length was measured according to common convention for each species (see Table 1 ) and blood smears (one per fish) taken from the caudal vein or heart were stored in a waterproof container and archived.
Blood smears were subsequently fixed in absolute methanol and stained with standard phosphate buffered Giemsa (pH 6.8). They were screened for at least 30 minutes each with the ×100 oil-immersion objective lens of a Nikon Eclipse 80i microscope. Images were captured by digital camera (Nikon DS-5M) and measured with a Nikon NIS 2.10 image analysis system, calibrated to a stage micrometer; where appropriate, means were calculated ± standard deviation using Microsoft Excel software within the Nikon NIS 2.10 system. All slides from the current work and those from earlier deep sea sampling (Davies and Merrett 1998, 2000) were deposited in the Protistology Section, The Natural History Museum, Cromwell Road, London SW7 5BD, UK. New species were designated specific registration numbers, whereas known species within trawls were lodged as voucher specimens (see results).
RESULTS

General observations
The 113 fishes of 35 species captured off the Cape Verde Islands and in the vicinity of the Porcupine Seabight are recorded in Table 1 . Both cartilaginous (Chondrichthyes) and bony (Osteichthyes) fishes were represented in trawls, although only two species of cartilaginous fishes were examined, one from a family and order in each of the Elasmobranchii and the Holocephali ( Table 1 ). The remaining samples were from rayfinned, bony fishes (Actinopterygii, Teleostei) belonging to 16 families in 10 orders (Table 1) .
As in previous studies from the Northeast Atlantic (Davies and Merrett 1998, 2000) , most blood smears were in remarkably good condition considering the depths from which the fishes had been raised, as well as the time over which smears had been archived. Screening of stained smears revealed haemogregarines, trypanosomes and Haemohormidium-like structures (Figs. 1A-N Fig. 1M,N) . Haemohormidium-like structures were seen in both Cape Verde (one fish, Coryphaenoides armatus (Hector), taken from a bottom trawl) and Porcupine Seabight samples (fishes of 12 species), but only in bony fishes (Table 1) . Except for Haemohormidium (Fig. 2G) , to which no useful description could be added beyond that reported previously in Porcupine Seabight material (Davies and Merrett 2000), the protists observed are described below. Parasitaemias were consistently low across all infected fishes, being from ~0.01% to <0.001% of erythrocytes for both haemogregarines and Haemohormidium. A single blood film from H. raleighana containing trypanosomes (see below) had 11 such measureable organisms. 1A-D) , 8.7 ± 0.8 µm (7.5-9.9 µm) by 2.5 ± 0.2 µm (2.0 -2.8 µm) (n = 9), but rarely extracellular, these 8.4 by 2.2 µm, 9.7 by 2.6 µm respectively (n = 2); occurring singly when intraerythrocytic. Similar to broad forms (below), but slender. Straight or slightly curved, with rounded anterior extremity, bluntly pointed posterior pole. Cytoplasm blue-stained, finely granular, sometimes with larger dark blue-stained granules, particularly at posterior pole of parasite body (Fig. 1A,C) . Single nucleus centrally located within parasite body (Fig. 1A,B) , 2.0 ± 0.2 µm (1.8-2.3 µm) by 1.4 ± 0.2 µm (1.1-1.7 µm) (n = 9).
Description of the haematozoans
Gamonts. intraerythrocytic (Fig. 1E,F ,H,J,K), 8.7 ± 0.7 µm (7.4-9.6 µm) by 3.2 ± 0.3 µm (2.7-3.5 µm) (n = 8), but rarely extracellular (Fig. 1G,I ,L), these 9.0 by 3.5 µm, 9.1 by 3.6 µm, 9.7 by 3.8 µm respectively (n = 3); occurring singly when intraerythrocytic. Broad stages, often slightly curved, or club-shaped (Fig. 1H,I ); rounded anterior pole, posterior extremity usually tapering to a blunt point. Cytoplasm generally blue-stained, lightly stippled or finely granular, sometimes with a small deepstained anterior cap and three prominent granules anterior to nucleus (Fig. 1l) , posterior region often stained deep blue with large granule at posterior extremity (Fig. 1H,I ,J). Nucleus not always clearly visible, generally centrally Remarks. Only two stages of development were observed in this small haemogregarine, provisionally identified as slender pregamonts and broader gamonts. Furthermore, no evidence of intraerythrocytic division was detected, which places it in the interim within the genus Desseria siddall, 1995 (see siddall 1995). Until more parasitized specimens of this unusual fish are located, it is impossible to determine whether further stages of the haemogregarine exist in blood. However, we are unaware of any blood parasite having been described from cartilaginous fishes within the entire subclass Holocephali, a feature emphasised by Davies and Johnston (2000). Thus, because of the unique nature of this find in deep sea material and the perceived absence of division in erythrocytes, the parasite is provisionally named Desseria harriottae sp. n. (Khan, threlfall et Whitty, 1992 ) smith, 1996 Stages in the blood of Halosauropsis macrochir (günther) Gamonts. intraerythrocytic (Fig. 2H,i) 12.9 ± 0.9 µm (10.1-14.9 µm) by 3.3 ± 0.3 µm (3.0-3.9 µm) (n = 25), and extracellular forms (Fig. 2J-l) , 13.6 ± 0.9 µm (12.1-15.8 µm) by 3.2 ± 0.4 µm (2.5-4.2 µm) (n = 20), occurring singly when intraerythrocytic. Hook-like in outline, straight bodied with broadly pointed or rounded anterior pole and reflexed posterior end (Fig. 2H-L) . Cytoplasm generally stained deep blue with fine stippling and some granulation, no anterior cap observed, but pink-stained vacuoles in the posterior, reflexed region of the parasite body (Fig. 2J-L) . Nucleus prominent, generally centrally placed or slightly anterior to mid-point of parasite body, chromatin coarse, deep blue-stained (Fig. 2H-L) ; nucleus 3.5 ± 0.6 µm (2.6-6.1 µm) by 2.4 ± 0.4 µm (1.8 -3.0 µm) (n = 25).
Desseria marshalllairdi
Remarks. Although no haemogregarines were detected in fishes of this family in the present study, the organisms discovered in H. macrochir appear to lack division stages, and intracellular gamonts resemble D. marshalllairdi in length (11.8 µm, according to Khan et al. 1992 ) and are only slightly wider (D. marshalllairdi is 2.5 µm wide). Their overall appearance, particularly the tendency for the posterior end to be reflexed and the nucleus to lie centrally, is also close to D. marshalllairdi. cytoplasm is perhaps more granular in the present specimens and nuclear chromatin coarser, but these differences could result from differing staining responses. since the haemogregarine found in 3/3 H. macrochir does not closely resemble any other found in marine fishes (see Davies 1995), it is concluded that the specimens captured over the Porcupine Seabight are D. marshalllairdi, despite occurring in a different taxonomic group of bony fishes (Notacanthiformes, Halosauridae) from the type species. Voucher specimens of this organism are lodged with The Natural History Museum, london.
Genus Haemogregarina Danilewsky, 1885
Haemogregarina (sensu lato) bathysauri sp. n.
Stages in the blood of Bathysaurus ferox günther
Meronts? Intraerythrocytic, short, broad stages ( Fig.  2A,B) , 10.3 ± 1.0 µm (8.4-11.2 µm) by 3.7 ± 0.3 µm (3.1-4.0 µm) (n = 5), once appearing to comprise a bundle of three individuals (Fig. 2B) , each 7.2-8.0 µm long by 1.2-1.6 µm long (n = 3). Broad stages overall, occasionally slightly curved, with rounded poles. Cytoplasm generally deep blue-stained, finely stippled, or finely granular and slightly vacuolated. Nucleus prominent and deep-stained purple, with coarse chromatin; nucleus generally centrally positioned in parasite body, 3.3 ± 0.3 µm (2.7-3.6 µm) by 2.8 ± 0.5 µm (2.0-3.2 µm) (n = 5).
Gamonts. intraerythrocytic, long, curved stages ( Fig.  2C-F) , 15.8 ± 1.5 µm (13.8-17.6 µm) by 3.6 ± 0.4 µm (3.3-4.3 µm) (n = 5); rounded, broad anterior extremity, tapering posteriorly, with rounded posterior pole, once observed to be reflexed posteriorly (Fig. 2F) . Cytoplasm generally deep blue stained, lightly stippled or granular, anterior pole with small, dense cap in some individuals (Fig. 2C) , sometimes with prominent vacuoles present, especially anterior to the nucleus (Fig. 2E,F) . Nucleus positioned centrally or towards posterior pole, deep pink or purple stained, with coarse chromatin; nucleus 4.5 ± 1.3 µm (2.2-5.9 µm) by 2.4 ± 0.5 µm (1.6-2.8 µm) (n = 5). Remarks. Khan et al. (1992) also recorded a haemogregarine in 1/8 Bathysaurus ferox from the New York Bight, although it was not illustrated or described by the authors. In the current study, broad stages, as well as more slender individuals, which were clearly gamonts, were found in 1/2 B. ferox. One example of a broad stage appeared to comprise a tight bundle of three individuals, and for this reason it is tentatively identified as a meront. If intraerythrocytic division does occur, then this has taxonomic implications because haemogregarines of marine fishes demonstrating this feature are currently members of the genus Haemogregarina Danilewsky, 1885 sensu lato (see siddall 1995).
Although gamonts of this haemogregarine broadly resemble those of Desseria marshalllairdi in general appearance, current specimens are much longer and wider (up to 17.6 by 4. , and the parasite does not closely resemble any other haemogregarine found in marine fishes. It is unsatisfactory to name a new species based on a few specimens recorded from just one slide, but because of its possible meront, its size, other morphological features, and the unusual nature of this deep sea find, the haemogregarine found in B. ferox is, in the interim, named Haemogregarina sensu lato bathysauri sp. n., until further specimens of this parasite can be examined.
Haemogregarina sensu lato johnstoni Davies et Merrett, 2000 Stages in the blood of Cataetyx laticeps Koefoed Merozoites or pregamonts. short, strongly curved stages, in pairs or singly within erythrocytes (Fig. 2M,N) , 11.3-13.1 by 2.9-3.4 µm (n = 3); one extremity (anterior?) slightly broader and more rounded than the other. Cytoplasm deep blue-stained and finely granular. Nucleus deep blue to purple-stained, generally centrally placed within parasite body; nuclei 2.8-4.2 by 1.9-2.1 µm (n = 3).
Gamonts. Of two discernible types ( Fig. 2O,P) . Long, slender, slightly curved gamonts (Fig. 2O ), 13.8-16.7 by 3.2-3.3 µm (n = 3); anterior slightly broader than posterior; cytoplasm deep blue-stained, especially posteriorly, cytoplasm also granular and vacuolated especially posteriorly (Fig. 2O) ; nucleus deep blue-stained and centrally placed; nuclei 3.1-3.8 by 1.9-2.6 µm (n = 3). Broad, pale, gamonts (Fig. 2P ), 12.3-13.2 by 4.0-4.6 µm (n = 3); anterior slightly broader than posterior; cytoplasm pale blue-stained, with a large anterior striped cap; nucleus deep blue-stained, lying in posterior half of parasite body; nuclei 4.0-4.4 by 2.9-3.2 µm (n = 3).
Remarks. Haemogregarina johnstoni Davies et Merrett, 2000 was reported from a single specimen of the same host, Cataetyx laticeps, also from the Porcupine Seabight (Davies and Merrett 2000). At that time the authors observed evidence of pregamontic fission, and the paired, intraerythrocytic immature forms in the current samples, identified as merozoites or pregamonts, may have resulted from such division. Larger, granular gamonts, as well as pale gamonts with pronounced striped caps were also identified in both studies. Davies and Merrett (2000) were uncertain whether the granular and pale gamonts represented two species of haemogregarine, growth stages of the same form, or sexual dimorphism (male and female gamonts) within a single species. The authors concluded that the haemogregarine stages belonged to the same species (Davies and Merrett 2000), which is supported by the current observation of both these gamont forms in 3/3 C. laticeps from the Porcupine Seabight. However, as in the previous study ( Trypanosoma harriottae sp. n.
Stages in the blood of Harriotta raleighana goode et Bean
Trypomastigotes. Polymorphic, but generally large organisms, with rounded or broadly pointed extremities, and highly granular, deep blue-stained cytoplasm (Fig.  1M,N) ; total body length 29.9 ± 3.8 µm (24.1-38.4 µm), body width 7.4 ± 1.7 µm (5.5-12.0 µm) (n = 11). Free flagellum short, staining poorly, often obscured by parasite body, but ~ 10 µm long. Undulating membrane shallow, often difficult to discern, with 3-5 undulations. Kinetoplast also difficult to detect, situated close to nucleus, ~ 4-5 µm from posterior extremity. Nucleus rounded to oval, pale pink-stained, often obscured by granulation of parasite cytoplasm, nuclear length 4.6 ± 0.5 µm (4.0-5.6 µm), nuclear width 3.7 ± 0.7 µm (2.9-5.1 µm) (n = 11); nucleus usually situated towards posterior pole of parasite body, mid-nucleus to anterior (MA) 22.3 ± 5.5 µm (11.1-32.3 µm), mid-nucleus to posterior (MP) 7.0 ± 3.7 µm (3.6-17.3 µm) (n = 11), nuclear index MP/MA = 0.3 ± 0.2 (0.1-0.4).
Forming a mixed infection with Desseria harriottae sp. n. (above). Remarks. Few flagellates have been described from the blood of deep sea fishes. Khan et al. (1992) recorded a cryptobiid from the Macrouridae, and trypanosomes in a member of the Squalidae and in Halosauropsis macrochir (Halosauridae). Of the trypanosomes, the first was in too poor condition to study accurately, but that from H. macrochir was illustrated by Khan et al. (1992) . The drawings show finely granular, slender trypanosomes, with a distinct undulating membrane with around 8-12 undulations, and a clearly defined nucleus, kinetoplast and flagellum. The organisms also have a tendency to coil, but from the scale provided it can be estimated that their total body length is ~ 160 µm, with a maximum body width of ~ 7 µm. These trypanosomes from H. macrochir thus exceed enormously those found in the present study in body length (~ 30 µm in the current study), though they match broadly in body width. Incidentally, it is interesting that no trypanosomes were located in H. macrochir in the current study.
When the trypanosomes found in the H. raleighana are compared with those recorded from other cartilaginous fishes generally (see Yeld and Smit 2006), there are no obvious matches in morphometric data. thus, it is concluded that the trypanosome described here, forming a mixed parasitaemia with Desseria harriottae, is also a new species. Trypanosoma harriottae sp. n. is, therefore, only the second blood parasite to have been described from a cartilaginous fish within the subclass Holocephali.
A reassessment of species within the genus Desseria Siddall, 1995
While acknowledging difficulty in proving lack of erythrocytic merogony, siddall (1995) created the genus Desseria for fish haemogregarines in which this process is apparently absent. Desseria myoxocephali (Fantham, Porter et Richardson, 1942) was named as the type species, with fishes of the genus Myoxocephalus, and the leech Malmiana scorpii (Malm), as the type hosts. A further 40 fish haemogregarines were also listed within the genus (Siddall 1995). However, re-examination of the literature reveals that some Desseria species were omitted from the original list and new Desseria species have been reported since the genus was established. Furthermore, while many species listed originally appear valid, some clearly belong to other genera, some are synonymous with other species, and others are likely invalid species. since D. harriottae, named here, is a new species that can be added to Siddall's (1995) list, it was considered worthwhile to reassess species listed within the genus Desseria. Explanations, including reasons for change, appear in square brackets, with fish names updated, if appropriate, from Froese and Pauly (2011). species removed from the list appear in bold typeface. 
Species retained within the original list of the genus
